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(54) {xmw&m *mtom&mm(Dm<mwwr£fi&RxfMos*m&TWxv&mx& 



1 

(57) [KmnMt«>isn] 

urn** 1 1 ¥pm*xtittizmim&ej&irz>\zK 

U 

*£»fM&K±KJ5£0. 1-1. 5 nmCOlfifflroJBlSE 
JRSrflt* 1 ~ 3 0 n iDrofflTf^ U 

A. 



d. iaswt*** 

e. **>im*- 

g. mu^mm 
i . 

10 J. T :✓■=&=■ T^StJ^SIte*^^^^ 



(2) 



2 9 3 7 8 1 7-§- 



■f t»ffl^WSTF|E a ~ g hWXi^'PK < k fc— ocr># 

a. $m&mwwn 

b . ttMgg* ir ^SHbtttf * t <r>m&ii*%m% 

f. N 2 O^-a^cSi^H^ 

[is*357] mim-m^x-comMmumiK 2 5~ 
y at^y ^A&o^y wb-r 

[tit*j£ 9 ] iN|tft«S«S»=:BWt*tS:«5fiWsm 

[If *>5 10] SB 2 Stf 12*7318^ IS i ^(bJWwBI 

IW^iIll] &{b#^*TW»at:. ¥2H*K 
tR«B^&JREj»S:®fifi: Llt&iz.?f 5 fit**! l_tcf£l&<7> 

[tt#j£ 1 2 ] ^StStE^MO S (metal oxide 
semiconductor)^^ X<D&ti[M : £l&f8.1r?>\z.& U 
^ftSlS-klCJil^O. 5 n mOgEBCQ^ 1 



flU^g: g 1 — 3 0 n m(DffifflX'Mf$. U 
[0 0 0 1] 

tiMO S (metal oxide semiconductor) ^ N k v ) 



[0 0 0 2] 

[tfeferogEtif] ^f^^ k V 4?itMO Sh7> 
^*SMbB»Rd«»f b tT43 9, fci xtf , o . l M 

(VLSI Technology), S . M. S z elS*. 1 98 4¥, 

i3i~i6 8-<— i?mm c 

[0 00 3] ±7t, |{RaWb£J^H-.±*y 

»U ^W£m\&*WtJ$LlrZ>j5fe*?, HHEMefbtcJ: 
9 ^-fbBiSrffM-r 5.*-&* s fc^> •fb^fi^^-fbSKii^S 

T-®tfb^tr^i-5*fei LTJ±{ffi^M»HaWS: L/«cis b 
[0004] 

iSi&TWt&gHbT-ii, 4 n mjy.T<75^fb^»ffMBf i'fll 

40 m<DMfflmz.xrtzk^ofum&&<>tz 0 fl^w 

<75^^. ^-vyT^WiS^I&Tftif, W^ttiWT* 
50 WfbJ-J: •9^aXStO(S»(b , bS*?tlT*5 , 9, # 



5 

laii&W&Zm^L-fZ tzfrT^ 5 - <7 J» h L < l±T;t- 5 
{±6 6 0X:U&bfc<. ^ictn^ (fHtfBsSKJ: •? 

±iz, im<\$mmz&^x 4 o o'c&Tnmmiz 

[0005] **«tts atnE^«iifu^j**2tw>M 

®{ciijp o pW(D^b)K^fij^i*J: < j^fiR-ra t t tic* a 
mmmjm^'f- vm\M%m$Lx>* z^mttm&mw 

[0 0 061 

0. 1~1. 5 n mWfalW^ 1 WHW8&f&f$L 

u &\<>xwmm i mM^imikft*mmMtit^-fz& 
mmmzmz 1 ~ 3 0 n mvxm-rsm. u La>5» e 
0 ox:^T(D^x-ti^m\^mn^x-mim%:ft<> 
x . mR&mmmoTiz m 2 mmzwtjm- z> 

[0007] m^wM<DMo s ^mwzzld *<vm~& 

Mil ^^fr&K^Si'MO S (metal oxide semi con 
ffi-BQf^aSQ. 5 n m<7)fafflcpgglBfr(bJ%£r 

6 0 0t:aT<P^Ta>o^fl^^^Tl&^&rffo 

[0008] Buie^&t-^-m, ¥«i*a«J=^is 1 

A. 

B. SI^Rt^il^fcTK^TKWjQf^K 
E. 

f. sft^LRt^^oinr^ 



3) g2 9 3 7 8 1 7f 

6 

G. #fl2K*R 

ma*. 

msZA-Fffymfrx-btus. v =>>#t*<D#*£ 

[0009] 4feB(nE*ffiK:*5V^Ttt, 

10 m&^ztK ttit^s^tf^xmKM&mttiste 
&b&m£&zzk\z£<oBf$.\.xb&i<\ sm-vmt 

1 0 0 1 0] *fc^^*Atft<^>iWtJISwJKfi6*ft 

[0011] afciiinE^»&^<^^bBt<^fiStfrfe 
teas v^Tia, mimmm* t o^nswBt^ss*®- «t 

[0 0 12] *7t«(Fia^iC*3V^-C»±, HWb»ffl*lfT? 

a. $ai®e^#ia^ 

c. *j|K*$:-£X,*aiS*#|B*[ 

30 e. ^-^>-^#|Sl^*7cJ±^-i/>^^tf#ISlM 
f . N 2 OSr^^"BBHatBWK B P 

[0013] *ytBulE^feiC*3V^-C»±, »fb»ffl«1'T? 

co^aas^ 5 , 25~6oo °c<Dmmxhz> z. t am 
* lv \ fijasHb«Ba-*-a :tia?) *mw<n Bft&m 
tizx-zzfrhXhZo 

[0014] ^tzm^mww^(r>mi\M(oi^mj?m 

[0 0 15] *7tBfls5^feiC*3V^-Cfi, ¥^St5*ffi 
50 tztbX'foZo 



(4) 
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[0016] *fc«nE#iStei8vvrtt, m 2 m\M<n>m 

a^iSSWawtefflffctutf, MOSh7>^^ MO 
[0 0 171 *fcWlE#iSte*iv*Ttt, BMfc#BBSWe 

[0 0 18] 

if, ^fr»tR«iSl^tJ«t^*SHRfc fc4>*< 1 1 
£tf¥^l$-CfeoT, 8fnE&JR3W»iff £ 1 ~ 3 0 n m 

fcflg^-^tfff^ 1—2 0 nmWiiOllltfeSriria 

[0019] mzJfm^<D^m.^mmm<r>m\^.<r>u 

m^m\z «t*Uf % *JMM68LhfcJ« 0 . l - l . 5 n 
m<7>^ffl(75^ i m\M*Mf$ U R^-tfSWajS 1 SWkBt 
iJclMbttjWWffiSr^i-S&KJilRSrff* 1 ~ 3 0 n m 
<D$SfflTig/35c b , L^5f 6 00 TOTWfitt^K 

[00 2 0] ^^cD*j£(cJ:.5^t^i^^*&T- 

9, &Jg»BfiET^^f*»£&3l?S. (2 5t) *>ib 6 
o o tofi£t#ftr 5 r t ^T-t 5„ 

P>{cSf*Lv^Wc*5V>Tlf, ^Ngffcg&fc^E. (2 5 
t) ~4 0 OttoSSfflCDfiST-^Kfci'S - i **T# 5« 
[0 0 2 1] 

Lt-> y = vStSfc^Jic t oT. MO S^ftSr^-T £ 
iSSrlftW-rs. v- U a^StRl Jhlci»«|fR*2 

ijg-l4««4 *:JBi*L,fc. SWt«*K4 coigBi-teBSSSS 



■ftlR9^ffffiL,Tva (01 (a) ) „ '>V=*'^&fat 
Ltpl (100) » 10— 1 5 Q c mC9St5Srffl>/\ 
tKo zsoyf-**ti,* V y'<-*&A&, £MHStt 2 k L 
TLOCOS (local oxidation of silicon) ^bfli^r 
5 0 0 n mCOjSffT^^LTtc 

[0022] jwc f£\±m&4<r>mm&ffiftirz>itib, 

4>*qcDRCAgt# (W.Kern. D. A. Plutien:RCA Ufa.— 

3K 18 7"5-5?. 1 9 7 0^) #ft»CJ:»J 
'N&8fc#Lfd3L *HF^ (0. 5vo1.%HFtK» 

io m ics^raaatu *>y 3^®»i^®KkM9^ 
@i (b) ) . ->y 3 >*BtciesfKc®iik 

<fcHStfcJi&*rafc«>fctt, M#**>y =» >*B 3 as#B 
■Cfc 9 x •> y => >*B © S JSSWfcBI 9 ro^SSUv' 

[oo23] waHitefc-e**— ^* 5 #ra y est 

»U ~>y =»>&IS»-*BJ¥£ 1 • 1 nrocofl^WBHfc 
K GBliWtfflD 5«r^fiRUt (01 (c) ) . «5£ 

ftllt 5 *Mf& L fc„ #iS(**I»ftf»»S t LTIi 
K-fteK*7K<oja#«*ftaaN"«*ife. l 0$c 

30 4 o ot^P>tia«ltS7j^ *^M»*rflM*L 

[0 0 24] mZX-mW L7C g ^fbJI 9 W^*(4, r 

40 [0 0 2 5] ■> y >-S«±<^>B 1 BKtSPR 5 ± 

jfeiCt 1 ?, »3nm©g^<D6^6lrIf U (01 
(d) ) o rro^. 6^iC{i9 9. 9 9%<Dim.<Dh<n 

>-£ffiC9?aS[±5 Ott ffi^J(±l X 1 0- 4 P a t L 

[0026] ^<75^, ®mtPt?*na^^T3 o o'er* 
i B$p B %a L7c 0 w <Dmmm.\z x 9 y => ^snur 7 

^Sj5$4. 5nmtCn*fibfc (Hi ( e ) ) „ ~COi 
50 I, /Da 1 ±i-t±ff ^ 4 . 5 n mroBHtJK 7 



(5) 



;2 9 3 7 8 1 7f 
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t, jp£3nmro6£6tfJI0J«£iVtV3. *£>, BWfc 
T#5„ 

[0 0 2 7] jfcKmffi&i&Stf-afcik */<y*ScfcJ: 
•3Tyu5 = ^A83rl (£m«9L (01 ( f ) ) » 4MB 
h li y^77^- &flf{c4 9^— hm@Sr^^ — 

iSbfc (hi (g) ) . **as«-ett* ffibfftit Lt 

ttlH£^j&LT<b4v\ 
[0 0 2 8] 0 2lt j5fc#§rfTV\ i*&6<fcJltt:ISfeSL 

ffL/c^iclgSiJLfcX^ftm^*^ h^T-foSo 
ftm-l^^ h;HiVGfiSESCALAB 2 2 0 i - 

;i^— 2* 1 4 8 7 e VC9A 1 (OK a^&rfflWc. ftW^ 
tt*BSiE#|6n?«WLfc. f— * (1) 14, ->y=>> 
m\M<OS i(0 2pm&frh<oytmr?-K£Z,i>(OX-h 
9, fc°— ^ (2) }4->y =>V^fb^(?5S i «02 p#LiI/&» 
P><7>3t® : H-££t><7?T-;fc£o f— ^ (2) if— ^ 

(1) rosasjutrott^fe, v-y =iv^kJKroW3i:i4 

1. lnmtH-ft#fc„ Si©2pW^ 

w3t«T-<7?->y ^>mu8&¥x-<o¥%}&&ftmt lt 

2. 5nm, ~>y a^^Kf 5 £DXpi£) § &ffi=§ i tt 2. 
Snm^fflV^. (R- FLITSCHAND S. 

I. Raider, v^— 7VP *7 "3* /<*»£A 
T>K 7^yn-^- (J. Vac. S 
ci. Technol. ) 1 2* (1 9 7 5¥) , 30 
5 ^-v^JK?) o 

[00 29] 0 3 14, «ffiSrr?-> y = >WkMBI&8&* 

^rofW&ttaUFKSIAL. *PfflS8[ff 3 0 0°C, 1 

S 0 t-^ (2) tf-i> (l) oiiSBS^Ettttia 2 
h <0 b 15 fc A/ if^*> fe-f . 'f y =" v«MtB8*l4 3 0 0 °C 

<omi\Js^mw^.^<Dimm^mz. 4 9 ^-ft u^:ii> 

IWIill aflfcofRUfcibSsTti 3 0 oti^ 
5 <6?aT-f4-> y => vfWUR&MO S h 9 ^ * C9 y- 
VmtMb LT'>#< b t£*it{2-6niiiOlS||:ii 
l$S$ J &'5) - b t't^v^v 1 ? n i LTV' 1 
•5 c, 

[0 0 3 0] ® 4«4, jRj»BWrc->y ^^mtnmzm 

W l«!f|B]*0j»U pJSLfcX^^^^^ 

CA1 OOO^fflVTilSLfc. Xi^It LT 

jx^/l^— 1 2 5 4 e V (DM g COK a ij^Srffl 1/ ^c 0 -> y 



3V«HbBt»f-^3*S (2) «0L> ->y=>tt(t 
«R^ftL7t^i:^i?d>S 0 04^tr-^ (2) if 
(1) ©BSBSSttJ: 9, •>!Jai'«©lfiStt 
4. 5nmi!+I$W. i"fc*>*>, &&mm&^» => 

[003 1] 0 5 14, v-y = >-^fb^ro^l¥SriP^jaS 
UotLT, yayhLfct©^. ^aj/h (a) T . 
14, v-y = ^!>*-^^4:ilR»5SSE»-ftiH**S- i^«t 
10 9, v-y 3i4»(tBtSr^L, *©«W6|-&**UFte» 

a l, ijDJsjssnatffl^tfi* <*>ia£-e 1 n*nwn?fc L/cm 

fcfiWtJIW-CfeS. (b) T-14, v-y=V^x 

-^^sr«anH«»^ai(H''5 ^ i 4 ^ -> y =■ ^mtwt* 

14, S i <D2 pmmcoxm^M^^ h*frbMX&b 
o/c„ -7*~yY (a) ^<b, =" ^tB^-ti-S^ 

4^:tiW. —73, 7"d^ (b) v-y=> 

[0 0 3 2] @6l4*H^0iJ^4 9^L.fce^3nm 
/m\M 2. 6 n m/ S i Sffi^^CO^-ffi^WS^^^ 31 
^/l,d(£— Lfc t>COT*fc So "CaO^ LTV ^S 
J: 5*2. 6 nm»W«^MOS7-'^?» 
flLSHNftroot^wdf— ^ffii4, ti6*36>^>fflv^tbTV^ 
30 mMMm-WIMS. (c-v) ^y^^y^-tE 
PJ* (G-v) t£ b(O^M.^Wi^hist^ r i ^T^ 

Sl^iV>57J&S:fflV>7t (H. KOBAYASHI, y.yamashita, 
T.MORI, Y.NAKATO, K.H.PARK, Y.NISHIOKA, f— 

^^^^(Surf. Sci. ) 326#, (1 9 9 5 ¥) , 1 
2 4^-y, H.KOGAYASHI. T.MORI, K.NAMBA, Y. NAKAT 
0, y i) 7 K Xf-f h 3 5 a. — y— V(Solid St 
ate Conmun.) 92#, (1 9 9 4*) . 2 9-i-^# 
HB) . 

40 [0 0 3 3] fciS, Bt)fS.^J£^W?gfb^a(-*5V^(4 
JftjjRBKt-iS^t^Sf'fbffl! (1. lnm) «jSfli» 
l^Totv^l 1 . r t73i#t7D.^Smfel4 5 y F=¥* ■> 
7 , ^(4^A/T^%LT*5«3, S iro^yy^h 

ftlKrofrffi^St:^|tl4 5 5 O'CT^Lfc 3 n mffMit 
1^7 0 0 °C<o t>*v YmcXWfo LfcSMtffllJ: 9 tte 
v^^></^^c/ < ^oTV^5« rcoriti, ^Hffi^Jro^ffiT 
ff^Lrc^fLJl^^y- hgwasii: LT+5>*5f®*SH4Sr 
50 tU^4: i^LTV>S„ Lfcibt, .^Jfi^JW 



(6) 12 9 3 7 8 1 7^- 

11 12 

MO S**Wffi»y- MHfclRi LT*fflT-fe5„ 1M K**- A-3 6 t LTfiSf K— "7° K^^-f KH 

t$*^*^ffl^iiffl^rigT-fos„ fee rtoteicbx ^*Ba»xsaicMos 

[0 0 34] 07l±^^"^ ^^7^A7^tW* S»5:ifc, *^»£n#©^L££^£ ' 

y— (DRAM) (r>*9 yt haf-*/<*>*fcJ:a-fe/WS tlcJ: O'Ttefc**. ft*, @8i-joV^T, 3 1lipl 

4~ (7?^;|gP^Ojiffl^ll?r^L.fc't 1 roT-fo^c i®^> *H ^D 3 ^ 3 2t4p§??^A-ffi$& 3 7l4y — * K 

_ h - 1 s h m-itiz>®mtmt-t®te wmm* wvld Dims. 3 s nv — ^ k w v n + 

**&fe £ 1 X 1 0 20 / c m 3 (atom) BSttS Ay1^^&9 ^ 10 S. 

y 3>-T«^ixT^-5o w4xPj<7)^ hU— K-h [ 0 0 3 6 ] fiJLklJMB Lfcii <0 ^9Sm<OttOS^MW\^ 

\mk.tmmim*Kj$rrz>m&.- mm\^x<o$mn ^thu *mt*mi*m.u (2 5*0 -40 o o co$giii 

£{c 4 y , * h u-v?y - K±l;Wt5Stfti«» 10037] 

Bl!©ft]£ 4 0 o'CJ^TolgffiJ- 4 SlfeffclB&£eTli#* »4\ ^(*StR*ifilclWfcl«£ ±mmmt £'>ft <ki> 

«->y ='s<nyi"< is&Skt-i&z. f>i\ dvo)f:$ 2-4 ^tf^ffc-cfcoT, BtnE^kJRSWSBie:* 1~3 0 nm 

n m<Dm»®%MitM 1 9 fcfWW* 4 < J&ti£tt> Z t & (D^(Dm\MWM^^ir 4 ^IT-fc "9 % *>oilfnett 

K1 8/*5SW^i:S<SaSWklBtl 20 fcttSr'&tfff* 1 ~ 2 0 nm©gi©it?fe5r fcl-4 

2 0 /^a B B K-fe^7°i- — h 2 1 t ' rT-e&f?^ "9 . ftiBAPSRtrffli/^-f Jc^^Stgco*ffiiceia^«7)^ 

&& v- y =» >**INH15' y = ^±te*«Jll0>#ttlc i:0 [0 0 3 8] Rtc*55 Wro^fra««BroBMbBI«>» 

BWtais^fiWir.ttc:j;*)s rixfeoaiwBSfc^n jfcwfc^inu, *mfcmm±^m-£o. i~i. 5n 

i/v-c i lupgi/ij i2ii P M^^^ ±.\cm\jmm&ttir2>&m,ffl&k*&£ i~3 onm 

*fc 1 3i4#Wt«i& 14(4j®Rh7>^ (TKy-y-Y <7>«SfflT-^L, LWa6 0 0tOT(O£ST-« 

K^v-H) , H'U^| a ->!i^E 14"ii^>- •fL;#H^,q3T-SWaa$: ; fToT^2^tBS?r^i-Sr t 

yx^^->y-y--r k cws i x ) m, i sttf— h» 30 ^x<o, %>m<£ < fi^&mm^*mi$mfo-t^n< *^ 

(sxy •y-'f k) , is' tt^esv'y =»>ir, is" « j^-^fDia^i^^^as^o^ij^ttr^^rSw 

km mm. 1 7 t4SM«fii8d0[-r?«> ^. [oo39] titc*&w<n £ h \ma lv >mmmm 

[0 0 3 5] 08 ii^^^CO^-jfeT^LTt^b ^&tc4tl.{4, 6 0 OtaicOftifitCBl-r 

1X1 O'Vcm 3 (atomXO* i t^Tt, 3?i®E&Pp^li(-t-S*ft < «h&'R<Blgm? 

gfei^L, £^«*HF#*lc4yji$i o«WBli*WWfc: »*SMUiro»**Ss«r*i6*^y =>J=. #*K'>y 

fcitau ioou ftns^^HM^-e i i^ramyaa #yair^. ■7-vw^^tfrois^r6i±*5«tuH4^ 

7t 0 -^cof^^y v-y =>>J^3 5 Sr^*OWi^)E^ta^;Sjfe [@BC0fjW«Clfi.W] 

(C4 9 5 3 0°C-C' 1 0 0 nmff^Lfco IWi^ifS [d 1 ] ^WW-^KSWro^^StS^fiSKt^ffiSr 

BH vm^XW^K'A- 3 x 1 0 20 /cm 3 (atom)T'fc fflPTMOSff ?rI)$t^i^7*Dt7>@t% 

*. ^rom. hyy^7^ -K«tc 4 y y ( a ) »4^ y => ^mm±izftmm®bmvmm&Mi$. u 

-n®o/^->-y^m\ i^«K7^i-7f fcxg, (b) (±->y =>«iB<oiffligftfldits:^*Lfc 

> ^'S«ic4 y h WHwI^bbK •> ^^35/6^ 50 Ig, ( c ) li->!)3 >StRcO*®i--fl:^B^^BJ (B 



(7) 
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imm) wufcis, (d) nmkMm®&&i> 
^mmtLx^m^mi'tzT.m. (e) hewm* 
wm.'p-eixmm. ufc y =» >-ig 2 m\M*wi&. Lti 

(f) ttMH9t&BjftlfcX&. (g) li^-h* 
(0 2] |h], a5**fTV\ £8&SWfc««:6fc*Lfcfftfc: 

->y =t>sjsaas:fwwbLfc», s&*5H»i£««Lfc 
[03] n, isi^T-v-y 3>BWbiiss&$SL -trow 

104] pl jf^ffi»E-T?->y = >flWkaHS!S:^u 

[0 6 ] ^(o^rjfefc J; "9 AM Lfc-H»!lro®tfb 
[0 7] *^e^ro*feia OMLtKffiroDRA 

[0 8 ] *&w<Djfmc x y> mj& LtzmitmcoMo s 
1 ->y=yss (*mfcm&) 



14 



2 
3 
4 
5 



HO 

6 &&mm 

7 mm <M2mtm 

9 ^w^m<r>uf^mm 
1 0 

1 1 pM->y =>>£ts 

1 2 pi$*/HBi 
1 3 

10 14 iiK h7>^ wi/im" h) 
14' #m ? /!i3>i 
1 4" ^v^^^vy-y-^ k cws i x ) 
1 5 e- hft o*?y-y-f k) 

1 5 ' =»>« 

1 5" ?y^?y>'!)t^ K (WS i x ) 

1 6 y— * KW >n + ttfMi 

1 7 sm&stiK 

1 8 h l— vV- K 

1 9 mm.m\n& 

20 2 0 £&S*Hg 

2 1 ^NHTfe^u- h 

3 1 P Iy|J^yS« 
3 2 pS!>x;lii« 
33 hSfKbOt 

3 4 

3 5 y— Mic^ii->y 3v 

3 6 -y-< K£*— /I' 

3 7 y — y> Y\"i >LDDt£$tS 

3 8 y-^pwyn + aai 



[0 2] 



[03] 



« 

' — ' 
fei 




106 104 102 100 

*fc£:n*Ji,*- (e v) 




106 



104 102 100 

IS£:r-4 }V*r- (eV) 
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(9) 



|2937817t 




(56)iM§r;£» fHH 1 -305572 (JP, A) 
ftM ¥l -264263 (JP, A) 
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(58)S83fcLfc#lf (Int. CI. 6 , DB£) 
H01L 21/316 
H01L 29/78 



